Abstract. Coreopsis species (tickseed) can be regenerated from leaf segments allowing the possibility to exploit somaclonal variation as a means to develop novel phenotypes. We used true leaf explants from in vitro seedlings of perennial C. grandiflora (A. Gray) Sherff 'Domino' and 'Sunray' grown on Murashige and Skoog (MS) basal medium. Two of ten seedlings of 'Domino' regenerated freely and others were generally recalcitrant. From these two seedlings, designated E2 and H2, shoots were regenerated and acclimatized to the greenhouse. About 175 plants were established and vernalized from which somaclones were selected based on distinct differences in flower orientation and appearance. The selected somaclones were propagated by division and transplanted to the field in August 2001 in a randomized complete block design with three-plant plots and three replications to determine whether novel characteristics persisted through an additional propagation cycle. In the field, plant height, leaf dimension, flowering, and flower dimensions were scored in June and July 2003. Differences were found between somaclones and similarly propagated E2 and H2 for desirable (more petals per flower, greater flowering, shorter plants), undesirable (less flowering, smaller flowers), and neutral (narrower leaves, taller plants) traits. Open-pollinated (OP) seed was collected and germinated and the seedlings from somaclones that differed significantly from E2 and H2 were evaluated. These maternally selected seedlings were overwintered then planted in the field in May 2004. Most traits that differentiated somaclones from E2 and H2 did not persist in the OP seedling population; however variation that was likely introduced through outcrossing resulted in desirable phenotypes with potential for new cultivar development.
The Coreopsis genus of the Asteraceae family includes both annual and perennial species. Perennial Coreopsis taxa consistently rank in the top five herbaceous perennials in wholesale value (Behe et al., 2001) . The most widely grown cultivars are those of C. verticillata L., C. grandifl ora (A. Gray) Sherff, C. lanceolata L., and hybrids between the latter two species.
Coreopsis is propagated mainly by seed or vegetative crown division. Little information exists on genetic manipulation of the genus for desirable plant characteristics. Introduction of new variability into species of Coreopsis for improvement (flowering, disease resistance, and plant height) is difficult due to the arrangement of florets in the composite flower structure. The flowers within the composite are too small to emasculate single florets, therefore crossing is done by isolating buds, pollinating stigmas at anthesis, and depending on self-incompatibility to prevent selfing (Smith, 1982) .
In recent years somaclonal variation has been used as a method of introducing variation in ornamental plants. Somaclonal variation has been defined as the genetic change of a plant when regenerated through tissue culture. Mechanisms, molecular analysis, and use of somaclonal variation have been reviewed by Veilleux and Johnson (1998) . The use of somaclonal variation for crop improvement has also been investigated and summarized by Karp (1995) and Jain (2001) . The benefits of somaclonal variation in improvement of sunflower (Helianthus annuus L.) (Encheva et al., 2003) , chili pepper (Capsicum annuum L.) (Houssain et al., 2003) , and rose-scented geranium (Pelargonium graveolens L. Herit.) (Ravindra et al., 2004) have been reported. In these studies selected somaclones were found to be horticulturally more desirable than the explant source. Riseman and Chennareddy (2004) investigated the effect of growth regulator regimen on Exacum L. in tissue culture and found that different regimes caused genotypic variation in the form of varied ploidy levels. Cammareri et al. (2002) detected somaclonal variation (capitulum and disk diameter, ligulate flower number) in Aster cordifolius L. 'White Elegans' regenerated from leaf explants. The somaclonal variation described for Aster may be applied to Coreopsis, through a protocol established by Lee et al. (1994) using leaf explants. The objectives of this study were to evaluate Coreopsis somaclones, and investigate the persistence of somaclonal variation through vegetative and sexual reproductive cycles.
Materials and Methods
Tissue culture. Seeds of C. grandifl ora cvs. Domino and Sunray were obtained from Jelitto Seeds, Schwarmstedt, Germany and surface sterilized in full strength commercial bleach containing Tween 20 (Sigma, St. Louis, Mo.) for 20 min followed by three rinses in sterile distilled water. The disinfected seeds (ten per cultivar) were placed on MS (Murashige and Skoog, 1962) ) in a walk-in cooler at 4 °C for vernalization for 16 wks. After vernalization, plants were transferred back to the greenhouse for identification of floral and morphological characteristics. During the spring and summer of 2001, floral characters, plant height, and plant vigor of regenerated plants were evaluated to select possible somaclonal variants.
Field methods. Based upon differences in flower form and plant morphology, we selected interesting somaclones in the greenhouse trial and vegetatively propagated them by division in June 2001. The somaclones and the original seedlings (E2 and H2) from which the somaclones derived were planted in the field from vegetative propagules at the Department of Horticulture's Urban Horticulture Center in August 2001 with three replications of three-plant plots to determine whether novel characteristics persisted through a vegetative propagation cycle. Seedlings of C. grandifl ora 'Sunray' were also incorporated into the randomized field plots for comparison. Due to a poor field season in 2002, with heavy rain throughout the summer, the plants flowered poorly and the data were not used. Data were taken on plant height (soil surface to tip of vegetation), leaf dimension, flower diameter, flower stem length (length of flowering stem from soil surface), flowering rate (0 = no flowers, 5 = showy flowers) and flower petal number in the field in June 2003. After open-pollination, seeds were collected from plants in each of the three replications of the 12 somaclones that differed significantly from the original seedling clones for at least one character. Likewise, seeds were collected from plants in E2 and H2 plots. These seeds were germinated in the greenhouse during Fall 2003 and the progeny of the maternally selected somaclones planted in 15.2-cm square plastic pots and over-wintered in a cold-frame. In May 2004, the seedling families were planted in the field in a randomized complete block design with four replications of three seedlings per plot. In July 2004, data on plant height, leaf dimension, flower diameter, flower stem length, flowering rate, and flower petal number were taken on the maternally selected somaclones.
Statistical analysis. The effects of genotype and replication were analyzed by the GLM procedure of SAS (SAS Institute, 1997) with mean separation by Ryan-Einot-Gabriel-Welsch Multiple Range Test (REGWQ, = 0.05) for data on plant height, leaf dimension, flower diameter, flower stem length, flower rate, and flower petal number in both field studies.
Results
In total, 175 somaclones were regenerated from leaves of two seedlings, designated E2 and H2, of C. grandifl ora 'Domino'. After acclimatization and vernalization, the somaclones flowered and developed over several months in the greenhouse. Collection of data on flower and plant characteristics was not uniform due to lack of coordinated development among the somaclones and a prolonged flowering season. From the 175 somaclones, eight E2 and seven H2 somaclones were selected for propagation based upon unusual floral characteristics, plant morphology, or growth habit (Table 1 and Fig. 1) .
In the first replicated field study, five of eight E2 somaclones (Table 2 ) and all seven of the H2 somaclones (Table 3) retained at least one character that differed significantly from those of E2 or H2, respectively, such as plant height, leaf ratio, petal number, flower stem length, flower rate, or flower diameter. Some of the somaclones differed from the source plant for three different characteristics, e.g., clone E2-47 (Table 2 ) and clones H2-49 and H2-43 (Table 3) . The second replicated field study, comprised of seedlings of maternally selected 'Domino' somaclones as well as seedlings of the clonally propagated explant source plants (E2 and H2), from the first field study, revealed novel plant variation for cv. Domino. A likely source of this variation is the self-incompatible nature of Coreopsis (Smith, 1982) and random outcrossing of the somaclones and source plants with seedlings of C. grandifl ora 'Sunray' also planted within the first field study. Three of the seedling families of maternally selected somaclones differed from seedling families derived from the respective somaclone source (E2 or H2) in one character. Specifically, E2-47 seedlings were taller than E2 seedlings (26 and 21 cm, respectively), H2-48 seedlings were shorter than H2 seedlings (20 and 26 cm, respectively) and flowers of H2-45 seedlings were borne on shorter stems than those of H2 seedlings (28 and 35 cm, respectively). Of these three significant differences (among 90 comparisons: 15 seedling families by 6 characters), the only persistent change that reflected a difference found in the first field study between a clonally propagated source plant and its clonally propagated somaclone was the flower stem length of H2-45. New variation was observed in individual plants within the seedling families. This new variation was uncharacteristic of 'Domino' and may be horticulturally desirable, e.g., dwarfism, whorled ray flowers, double ray flowers, absence of red within the center of the corolla and unusual flower structure (Figs. 2 and 3 ).
Discussion
Two of ten seedlings of C. grandifl ora 'Domino' regenerated readily. Evans and Sharp (1986) state that genotype is an important variable when investigating the frequency of regeneration and somaclonal variation in tissue culture. Chloroplast DNA haplotype variation within populations of C. grandifl ora was found to be diverse (Mason-Gamer et al., 1995) so differences among regeneration in the genus could be expected. Differences in alleles associated with efficiency of conversion of nitrate to ammonium of a NiR gene in rice have recently been shown to directly affect shoot regeneration potential in tissue culture (Nishimura et al., 2005) .
Somaclones of Coreopsis grandiflora 'Domino' that were selected in the greenhouse as possibly interesting horticultural variants had characteristics such as dwarf habit, unusual leaf and flower morphology, and number variation for floral rays. These characteristics were persistent through vegetative reproduction in field trials of most of the selected somaclones (Tables 2 and 3 ). Somaclonal variants of Chrysanthemum L. described by Chang et al. (2000) also differed from source plants for similar traits including plant height, stem internode length, and number of disc and ray flowers. The trend of somaclonal variants to differ with respect to height, plant form, and number of plant floral or stem structures has been discussed with regard to two species of Picea Link. (Tremblay et al., 1999) . 'Velvet Rose' Pelargonium, characterized by large trichomes and glands, dense pubescence, and thick leaves was the first tissue-culture derived cultivar released (Skirvin and Janick, 1976a) . In a study conducted by Skirvin and Janick (1976b) , calliclones or clonal variants originating from callus tissue, differed from original explant sources with changes in plant and organ size, leaf and flower morphology and other characters such as pigmentation. Persistence of somaclonal variation through a sexual cycle is generally taken as evidence of true genetic change (Veilleux and Johnson, 1998) . In the case of Coreopsis, a cross-pollinating and self-incompatible species, our effort to determine the persistence of somaclonal variation in sexually derived seedlings after the initial somaclonal variants were characterized in the field was compromised by outcrossing with another cultivar. Smith (1982) and Archibald et al. (2005) have noted the reproductive isolation of perennial Coreopsis and that hybridization between perennial species and cultivars resulted in fertile hybrids. Only dominant mutations would be expected to persist after outcrossing. Other sources of somaclonal variation such as chromosome rearrangements, ploidy variation or recessive mutations would be obscured.
Although somaclonal variation for morphological characters has been reported for ornamentals (Buiatti and Gimelli, 1993) , utilization of somaclonal variation for crop improvement has been concentrated on food and grain crops. A few ornamental cultivars have been introduced as a result of somaclonal variation, such as Hemerocallis spp. L. (Griesbach, 1989) and Torenia foumieri L. (Brand and Bridgen, 1989) . Other horticultural cultivars derived from tissue culture via somaclonal variation have been summarized by Skirvin et al. (1994) . Future research will focus on evaluation of our selected Coreopsis somaclones with unique characters (dwarf plants, plants with tubular ray flowers, plants with double ray flowers, and unusual flower structure) for their stability and cultivar potential. 
